missing from the model, e.g. pressure gradient effects [3] which are discussed later.
A few noted disagreement between the constants in the BLM and the CSM [4, 5, 6] . 
NUMERICAL METHOD
The code described by Chima in [8, 9] where Prt = 0.9 is the turbulent Prandtl number and n = 0.667.
The Cebeci-Smith model [2] is a two-layer algebraic model for the turbulent viscosity:
where Yc is the first point at which Pi > Po.
A Prandtl-van Driest formulation is used for the inner layer:
Here p is the density, _ = 0.4 is the yon Karman constant, D is the van Driest damping function with A + = 26., and Iou/Oyl is the absolute value of the velocity gradient.
A Clauser formulation is used for the outer layer:
where 8" is the displacement thickness and u_ is tile edge velocity. The Klebanoff intermittency function is given by:
BALDWIN-LOMAX MODEL
The Baldwin-Lomax Model [1] is derived from tile Cebeci-Smith model described above. In the BLM the inner formulation is identical to (3) 
where K = .0168 is the Clauser constant and Cop = 1.6 is an additional constant.
The product
Yma_f,_a_ replaces 8*ue ill tile CSM.
The function f(y) is defined by:
Later it is shown that Yma_ usually occurs at a fixed fraction of if, but that in certain cases Yrnax Occurs at the edge of the viscous sublayer, and the BLM fails.
In the intermittency function (5) the BLM replaces
In wakes D is set to 1 and the lower option in (6) reported as 0.25 but is generally taken to be 1.0. The term udiyl = IVm,,_l-]Vmin[ is the difference between the maximum and minimum total velocities in a profile.
Recent papers have replaced
Vma_ with V(ymax).
BALDWIN-LOMAX MODEL ANALYSIS
Several authors have analyzed the BLM to show why the function f(y) is used, and to adjust CKleb and C_p for agreement with the CSM [4, 5, 6] . The analysis of [5] is given briefly below for reference. It is then extended to show when the BLM might fail, and finally used to develop a new model based on the original CSM.
Cole's turbulent velocity profile is used in the analysis of the BLM. In the viscous sublayer:
and in the wall-wake region:
tie Ue
where B = 5.5, and II is a pressure gradient parameter given by:
Ts, fl-(10) 7"wall dx An infinitely favorable pressure gradient has II = 0, an equilibrium gradient has II = 0.5, and an infinitely adverse gradient has II = oo. For a specified value of II, (9) may be evaluated at u = ue and y = _f, and solved for the friction velocity u*. The equation has two roots with opposite signs, giving separated profiles when u* is negative. Figure 1 shows several turbulent velocity profiles over a range of II for Re_ = 105,000, the value used in [5] . (]1)
The maximum of f(y) occurs where _ sin (7) is maximum, which occurs independently of II at, Y.,a_ = 0.6465 (12) Thus C¢_ is a strong function of pressure gradient, ranging from C_p = 1.548 at II = 0 to C,p = 0.851 at II = _. The equilibrium value Ccp = 1.216 at II = 0.5 is recommended over Baldwin and Lomax's suggested value of C_p = 1.6.
SPURIOUS

MAXIMA IN f(y)
For the BLM to work properly, Ymax must reliably correlate with 6, as in equation (12). Several authors have reported problems with spurious maxima in f(y) very close to the wall, e.g., [4, 10] . Here it is shown that under some conditions f(y) has a spurious maximum in the viscous sublayer.
The function f(y) given in (11) is based on the wallwake profile (9). The function can also be evaluated in the viscous sublayer using (8), giving:
ZL=r du+I dy+ D = y+D
In practice r is replaced by pIwl. Results using the two formulations are discussed later.
Cebeci's extension of van Driest's damping model [2] is used to allow the boundary layer to relaminarize in response to favorable pressure gradients.
The local pressure gradient is evaluated using:
Op ff_ --_ --=-• Vp (18) 0s IVel
The "edge" velocity _ is evaluated at a grid line far enough from the wall to indicate the general flow direction.
The outer formulation is given by:
3'= [I+5"5('CKyby)6] -1 the maximum of which occurs at the edge of the sublayer.
For simplicity consider an infinitely favorable pressure gradient (II = 0). The sublayer and wall-wake pro-+ = 11.635, where (14) gives f+ax --files meet at Ysub 4.2. The outer profile (11) gives f+a_ = 1/_c = 2.5.
Thus for II = 0, f(y) has two local maxima, and the largest occurs at the edge of the viscous sublayer, even when the van Driest damping term D is used to suppress the spurious maximum.
In reality a buffer layer blends the viscous sublayer and the wall region smoothly, and the spurious maximum is reduced. Similar results are found for certain II > 0, depending on Re6.
For example, for a fairly high Re_ = 105,000 ( fig. 1 and 2) where 1, D, and y+ are as defined in (3) and t: --0.4.
The friction velocity u* used in (3) is usually defined in terms of the wall shear 7"watt. Several researchers have modified u* by replacing r_oan = 0 with the local shear in the profile, either to avoid problems at separation [4] where r_u = 0, or as an indirect way to allow the boundary layer to respond to pressure gradients [11] .
where CKteb = 0.55 and C,,k = 0.825, as derived below.
The function F is an integral of the BL fimction f(y) without the damping term D. 5 5 " The length scale 0 is the centroid of the f(y) curve, defined by: The calculated losses are slightly higher than the measured losses. 
where Q is the total velocity, To is the inlet total temperature, and T is the static temperature.
The over- 
